Abstract
ELOC) through a novel SOCS (suppressor of cytokine signaling) box that binds ELOC (7, 8) . 69 The CUL5-SCF E3 ligase is also required for Vif activity against A3s in the related simian 70 immunodeficiency virus of macaques (SIVmac) (8). In these complexes, Vif works as a 71 substrate receptor for A3. In most cases, the interaction of Vif with A3s is species-specific, 72 and the intricate interfaces are still unresolved and a matter of ongoing investigation (9-13).
73
Feline immunodeficiency virus (FIV) also encodes a vif gene, and Vif is essential for the virus 74 to replicate in cats and cells that express feline A3s (3, 4, 9, 14-17 To form an E3 ubiquitin ligase complex, HIV-1 Vif utilizes the BC box (SLQ motif) and the 84 CUL5 box (HCCH motif) to interact with Elongin B/C and Cullin 5, respectively (7, 8, (25) (26) (27) (28) .
85
CUL5 also binds to ELOC and so destabilizing the binding of ELOC to Vif by mutating the SLQ 86 motif also removes CUL5 from the E3 complex (7, 25, 27) . HIV-1 Vif utilizes the HCCH motif 87 to bind zinc, which in turn is important for HIV-1 Vif-induced A3G degradation and binding to 88 . In the HIV-1 Vif/CUL5 co-structure, the HCCH motif stabilizes Vif helix 3, which 89 contains a hydrophobic interface that is involved in the direct CUL5 interaction (33).
90
However, the interface between FIV Vif and CUL5 is unknown (18) pcWPRE containing a C-terminal V5-tag (4, 9). All the FIV Vif mutants were produced by 99 fusion PCR and inserted into pcWPRE by using EcoRI and NotI restriction sites (11). HIV-1 Vif 100 expression plasmid with a C-terminal V5 tag was described before (4). Human A3G with a C-101 terminal HA tag, a gift of Nathanial Landau, was previously described (35). pcDNA3-DN- Vifs contained a TLQ-BC box that is essential for ELOB/C binding (Fig. 3A) . In addition, a KCCC Vif/CUL5 interaction, while 174175IR-AA impaired binding (Fig. 3C) variants did not lead to a loss of binding to FcaA3Z2bZ3 (Fig. 4C) . However, the FIV Vif TLQ-
285
AAA variant lost its interaction with ELOB/C, as shown previously (18). The Vif 174175IR-AA 286 variant bound to ELOB/C similar to the wildtype FIV Vif (Fig. 4D) . Together, these results
287
support that residues 174IR175 of FIV Vif are required for the interaction with CUL5. Vif to residues 52LWDD55 of CUL5 ( Fig. 5A and B) . Thus, we mutated 52LW53 and 54DD55 of 299 CUL5 to alanines and tested these CUL5 variants for interaction with FIV Vif. The results
300
showed that CUL5 52LW53-AA no longer bound to FIV Vif; however, the CUL5 54DD55-AA A3s with an unchanged efficiency in the presence of this CUL5 mutant (Fig. 5D) . A model 307 representing the FIV Vif E3 complex is shown in Fig. 5E .
309
The FIV Vif/CUL5 interaction is zinc-independent. Our FIV Vif/CUL5 complex model suggests 310 that helix 3 of FIV Vif-CTD regulates the CUL5 binding ( Fig. 5 and 6A ). There are two C192S and C209S did not affect CUL5 binding (Fig. 6C ). Additionally, we tested the 318 interaction of several FIV C-S mutants (C161S, C184S, C187S and C209S) with endogenous 319 CUL5. The result showed that only C184S mutant lost CUL5 binding activity (Fig. 6D) (Fig. 6G) .
326
Taken together, these data indicate that C184 of FIV Vif is not specific for CUL5 interaction, 327 and we speculate that C184 may regulate the integral structure of FIV Vif.
328
To test the zinc dependency of the FIV Vif/CUL5 interaction, the cell-permeable zinc chelator (Fig. 7A and B had no influence on FcaAZ2bZ3 degradation by FIV Vif (Fig. 7A and B) . In addition, the 385 presence of 5 µM TPEN did not allow the isolation of HIV-1 Vif/CUL5 complexes, whereas FIV 386 Vif/CUL5 complexes could still be detected (Fig. 7) . Thus, our data support that zinc is not 387 important for the FIV Vif/CUL5 interaction, as discussed previously (18) Vif/CUL5 complex is apparently accurate enough to predict interacting residues between 404 these proteins. Our data from the CUL5 alanine variant of 52LW53 (Fig. 5C ) and our 405 homology model suggest that the interaction between Vif and CUL5 is also mediated by a 406 hydrophobic contact. This is similar to the importance of the hydrophobic motif in the CUL5 407 BC box. In our homology model, helix 3 of Vif, which interacts with CUL5, is followed by 408 C184. This cysteine was shown to be important for CUL5 interaction, and also for feline A3 or 409 ELOB/C interaction, which differs from a previous study (18 
